I.-Shock may be defined as " The clinical condition which follows an injury producing depressed vitality, associated with lowered blood-pressure, deficient circulating fluid, diminished intracellular oxygenation and reduced body temperature." Such a condition results from the presence of one or more of the following four factors, acting either singly or in combination: (1) Pain, (2) hemorrhage, (3) cold, (4) toxEemia, either of bacterial, tissue, or other origin.
IV.-Treatment of an established case: (1) Application of warmth and mental rest.
(2) Relief of pain, (3) restoration of deficient circulation, giving fluids by mouth, rectally, or by 10 per cent. glucose saline solution intravenously (1 litre in two hours). (4) Increase of deficient intracellular oxygenation by insulin hypodermically (5 units at beginning and end of glucose injection). (5) If operation is needed, by choosing a local or gas and oxygen ansesthesia.
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I.-Introduction.-Interest in the subject of traumatic shock has recently revived. At a meeting of the Section of Surgery, held early in this year, a criticism of current views was made by Mr. Zachary Cope and discussed by several surgeons.
It was agreed that although our knowledge of the subject is now reasonably complete, the acceptance of such views is still far from universal and the teaching in current text-books is confusing and even misleading. Authorities have not agreed on a-precise definition of "shock" and find difficulty in clearly differentiating between "shock" and "collapse." At the sixth meeting of the International Society of Surgery (London, 1923) , Professor John Fraser, of Edinburgh, read a valuable paper on " Operation Shock" [ii .
Fraser's definition is not quite comprehensive, but is one of the best hitherto put forward.
"Shock " may be defined as a state of depression of all the vital functions of the body, the state being primarily induced by the infliction of injury on the body tissues, and being characterized by a progressive fall of the blood-pressure.
Cope's definition is a little fuller, but omits to mention the blood-pressure. The term "shock" signifies a condition following the application of harmful stimuli, or th'e depletion 'of the body fluids. in which there is a serious and clinically demonstrable depression of the vital processes of the body, particularly the circulation and metabolism. Uaar zection, It is difficult in a short, polished phrase to give a complete verbal description of what is meant by " shock."
Cannon says [2] It seems to me that in such a complex as " Shock," definition is not a prime requisite. The important matter is to obtain a careful description of the observed facts.
For practical purposes, however, it is useful to epitomize the pathology of the condition in a few words. I would suggest the following: By " shock" is meant that clinical condition produced by an injury which induces depressed vitality, associated with lowered blood-pressure, deficient circulating fluid, diminished intracellular oxygenation and reduced body temperature. Such a condition results from the presence of one or more of the following four factors, acting either singly or in combination: (1) Pain. (2) Hmemorrhage. (3) Cold. (4) Tox8emia, either of bacterial, tissue (protein), or other origin.
II.-Conception of Shock before 1917.-The early view of the pathology of shock was that it was of nervous origin.
Malcolm, Lockhart-Mummery, Crile and others believed that shock was a nervous phenomenion, associated with peripheral vaso-constriction, splanchnic dilatation, or exhaustion of the cerebral cells. A deficiency of circulatory fluid was recognized, but further details were not known. A large number of theories existed, but actual observed clinical facts were few, and definite pathological details almost unknown.
I[I.-The Shock Comnmittee.-An immense stimulus to those interested in shock was provided by the publication of the Medical Research Committee's " Memorandum upon Surgical Shock and some Allied Conditions," in February, 1917. The work of Dale and Laidlaw on histamine shock, and to a lesser extent, perhaps, that of Bainbridge and Trevan on adrenalin injections, opened up a fresh field of thought. The Shock Committee co6rdinated research, infused fresl enthusiasm in the minds of the workers concerned, and at the end of the year (1917) published many valuable original observations on the condition.
In France a group-research was organized in the First Army area. Cannon anti John Fraser worked in the laboratory and surgical wards of a C.C.S. in Bethune.
My part of the work in the front line and forward areas was to make observations on the early condition of casualties which were subsequently evacuated to this C.C.S. In this way the complete histories of many cases of shock were obtained, observations being made before wounding, at the time of wounding, and at periodical intervals during the stage of evacuation. [7] measured the blood-volume directly by the vital red method in thirty cases of shock. In cases with distinct symptoms of shock the blood-volume ranged from 51 to 85 per cent. of the normal, while there was a corresponding reduction of the plasma. In one striking fatal case this loss of blood-volume occurred when there had been no htamorrhage whatever.
From these studies Keith makes a clinical division of shock cases into three groups.
(1) Compensated Cases, in which beyond pallor, weakness and a slightly quickened pulse, the general condition is good, the blood-pressure remains above 100 and the blood-volume is never reduced below 80 per cent. (2) Partially Compensated Cases in which the general condition is not good. There is usually a history of a smart haemorrhage. The patient is pale, restless and thirsty, and readily vomits, he is cold, and has a rapid pulse and a blood-pressure usually 70 to 80 mm. The blood-volume ranges between 65 to 75 per cent. (3) Uncompensated Cases, in which the condition is extremely serious. The symptoms are even more pronounced than in (2) and the pressure has fallen below 60. On auscultation the heart-rate is 120 to 160. The blood-volume is below 65 per cent. of the normal. In normal men the loss of even as much as 800 c.c. of blood is followed by a quick return to the original volume. In shock this compensation fails to occur. This may be due to an anhydraemic condition of the tissues produced by diminished intake of fluids owing to stress of Service conditions and extra loss of fluid, violent bodily exertion, and sweating from various causes.
(b) Cannon and others found abundant evidence of concentration of blood in the capillaries, making, by blood-counts, observations on the haemoglobin percentage and hw,matocrit readings. Even after htemorrhage, if separate blood-counts of blood taken from a vein and from capillaries be compared, a discrepancy is found. In both counts the number of corpuscles is diminished, but more so in the veins. This capillary concentration is regarded as being due to increased permeability of the capillary endothelium. Its exact mechanism, however, is not yet clear. As a result of this concentration the viscosity of the blood is increased, the capillary stasis still further encouraged, and a vicious circle is established.
Leonard Hill and McQueen [8] have studied the capillary circulation and especially stasis. They state that the primary cause of this condition is the fall of blood-pressure below 80, and the fact that the fall is not temporary, as in fainting. As the result of this stasis, de-oxygenation of the capillary areas follows. The osmotic pressure of the tissues rises, abstracting fluid from the capillaries. The capillary wall suffers and becomes more permeable and so the viscosity of the concentrated blood progressively increases.
Results of this Failure of Circulation.--Starling, in 1912, found that with a blood-pressure below 80 the cardiac output is diminished. This is due to the diminished rate of capillary circulation in the cardiac muscle. The cells of the whole body suffer in the same way owing to deficient intracellular oxidation.
It may be argued that the changes described in the cells of the central nervous system in fatal cases of shock are not the cause, but the result of this process. Cannon regards a blood-pressure of 80 as the critical level. When the pressure remains below this level for more than four hours, the patient will not recover, no matter how heroic are the measures of treatment employed.
The diminution of intracellular oxygenation, which is associated with the low body temperatures found in shock, is now combated by the injection of insulin, which will be referred to later.
Older Theories as to the Circulatory Failure in Shock.-The " splanchnic pool" no longer exists. Observed facts have supplanted fantastic hypotheses, and such methods of treatment as the pneumatic suit or raising the foot of the bed are now obsolete.
VI.-Toxxmic Factors in Shock.-Clinical evidence for the support of the adrenalin theory has already been produced.
Experimentally, Cannon and also Elliott have demonstrated the presence of adrenalin in the circulating blood of animals under emotional stress. Bedford has been able to show the presence of adrenalin in the blood of animals suffering from experimental shock. Bainbridge and Trevan found that intravenous injection of small doses of adrenalin into an animal induces, after twenty minutes, the concentration of blood already described.
Dale's " Histamine Shock " opens up a large field of thought. Dale and his coworkers found that suitable doses of histamine (10 mgm. for a large cat) produce a profound fall of blood-pressure, with capillary stasis and subsequent concentration of the circulating bloods. Smaller doses cause a vaso dilatation, and evidence is produced to show that this is capillary in origin. This work deserves consideration in conjunction with Bayliss's investigations on muscle trauma. Bayliss and Cannon found that within an hour after producing a compound fracture of the femur in an anesthetized cat, signs appeared similar to those seen in secondary wound shock. The pressure gradually went down, pulse-rate and respiration increased, the blood became concentrated and finally the animal died. This occurred just as rapidly when the limb was isolated from the central nervous system; so that the possibility of its being due to the transmission of harmful afferent stimuli was negatived. When, however, the returning blood-stream was interrupted, no lowering of the pressure resulted, and the animal remained in good condition until the clips on the vessels were removed. As soon as the returning blood from the traumatized area reached the general circulation, down came the blood-pressure. It is probable that some tissue poison is set free from the traumatic myolysis which has resulted, producing effects like histamine.
The importance of the toxwmic factor in shock is now becoming more widely recognized than ever before. Several Continental workers have published works on this subject. Cornioley and Kotzareff [9] in 1921 found that (a) the more marked the anatomical lesion the more prolonged is the shock, and (b) the more massive the toxoemia the shorter is the incidence of shock. Quenu [101 found that blood taken from a shocked animal always induces shock when injected into a fresh one, producing rigors, lowering of body temperature, coma, etc. In further experiments these workers claim to have prevented shock by injecting antibodies produced by injecting animals with small doses of shocked blood.
On the clinical side it is stated that the phenomena of toxic shock arise in the following order of frequency: (1) Fractures of bones; (2) burns; (3) fatigue; (4) malignant tumours. Qu6nu [11] from his clinical studies also classifies shock into "primary " and " secondary." De Courcy [12], in 1922, accepts the idea of secondary shock and considers those reactions that follow in from twelve to twentyfour hours as coming under this category. He thinks that the main factor is the absorption of toxins produced by destruction of tissues in rough manipulation. To combat this effect he attempts to desensitize the patient before operation by injecting typhoid vaccine, and claims success for this method.
Further proof of toxammia in shock has been obtained experimentally by taking two animals and crossing the circulation. Induction of shock in one animal leads to a corresponding fall of blood-pressure in the other. (McIver and Haggart [13] .)
On the clinical side there is ample evidence in favour of the toxic factor in shock.
Several cases have already been quoted in which the presence of toxtemia, either tissue or bacterial in origin, has been the potent cause of shook. If this absorption of toxin idea is true, a clear indication is afforded as to the prevention of shock in surgical procedures. This is well illustrated by the following case.
Two years ago I performed a fore-quarter amputation of the right upper limb in a woman aged 72 for sarcoma of the upper end of the humerus. The main vessels were exposed and clamped at the commencement of the operation. The unblocked brachial plexus was left, intact, and was undivided until half an hour later, when the limb was finally removed. The blood pressure remained constant, and no shock developed subsequently.
Afferent impulses may therefore be considered harmless so long as the, higher nerve centres are cut off, as in surgical anaesthesia. Pain itself produces a fall in blood-pressure. Reference to this chart shows the fall in blood-pressure from 135 to 65 in about an hour and a half during attacks of renal colic. When the pain was relieved by morphia the pressure quickly rose to normal. Bacterial tox,emia supervening within a few hours after a wound or surgical operation exerts a profound influence on the blood-pressure with the establishment of secondary shock. If an unsuitable anesthetic is employed a chemical toxoamia may be added to the shock causation complex, with serious results.
Chloroform, and to a lesser extent ether, are powerful toxic agents. Buckmaster pointed out many years ago that the presence of chloroform in the blood greatly diminished the oxygen-carrying power of the red corpuscles, thus aggravating the already present deficient tissue oxygenation.
M. K. Cattell [14] , in 1923, working in Cannon's laboratory, published the results of extensive studies of the blood-pressure in ether antesthesia. Some of the more important conclusions are:
(1) In the normal animal strong ether inhalation results in a sudden temporary drop of blood-pressure. The pressure recovers quickly, so that it is normal by the time the eye reflex has gone.
(2) In the shocked animal there is no recovery after the primary fall. The pressure continues to fall, even to zero, as the anmsthesia is continued.
(3) Nitrous oxide and oxygen can be given to a shocked animal with only a minimum drop in the blood-pressure.
(4) (No. 9 on Cattell's list.) Ether sensitiveness is induced by: (1) Low bloodpressure. (2) HmEmorrhage. (3) Severe operations. (4) Injection of acid. These observations on ether and shock confirm the opinion surgeons now hold on the value of gas and oxygen anesthesia. In shock and severe operations where shock is expected to occur, it is absolutely unjustifiable to give any anaesthetic other than gas and oxygen.
Recognition of the tissue toxsemia occurring in shock establishes the relationship of surgical shock to anaphylactic shock.
It is convenient here to discuss the effect of morphia in shock as an additional toxic factor. The beneficial effect of small doses of morphia, which may be repeated, has already been shown. Large doses slow respiration, produce cyanosis, lessen the intake of oxygen, and diminish the already failing intracellular oxygenation of the tissues. At one time carbon dioxide was thought to be beneficial in shock (Acapnia theory). Cyanosis should always be regarded as a dangerous condition and avoided or actively combated on all occasions.
VII.-The Central Nervous System.-The earlier views on the pathology of shock all centred round the nervous system. Exhaustion of the vasomotor centre, fatigue of the higher centres, peripheral vaso-constriction and splanchnic dilatation were each in turn discussed as the essential factor.
Little will be said here of the nervous side of the subject. From the practical point of view, excitement, fatigue and anxiety must be dealt with, and steps taken to relieve pain. Otherwise the nervous theories of shock may be kept for academic and historical discussion only.
VIII.-Metabolism in Shock.-In this connexion the work of D. Fisher [15], of Boston, is interesting and of great practical importance. He classifies shock into, four groups: (1) Traumatic; (2) septic or toxic; (3) anaphylactic; (4) nervous.
Studies of the blood-sugar after a Marathon race showed that it is normal when no distress is present. In one runner, who fell unconscious, a low blood-sugar content was found-the picture of an overdose of insulin. Fisher conDceives shock as a condition in which there is an internal asphyxia and acidosis with oxidative processes held in abeyance, producing the resulting exhaustion. Any method of promoting combustion and oxidation, and at the same time furnishing heat energy, should be effective. Therefore, to combat shock rationally, give a substance that will give rise to an immediate supply of energy, maintain it, and at the same time keep up the circulating volume. For this purpose insulin is used, combined with hypertonic glucose solution. The following cases of Fisher's are quoted as examples of this treatment.
(I) Surgical Shock.-H. A., male, aged 25, was submitted to an arthrodesis of the shoulder-joint for tubercular disease. The operation lasted two and a half hours. His pulse increased from 96 to 150, the respiration from 18 to 35, and his blood-pressure fell to 75. On return to bed he was pulseless with respirations of 40. A litre of 10 per cent. glucose was slowly given intravenously. Insulin was injected subcutaneously at the beginning and end of the infusion, 25 units each time. The reaction was almost miraculous. Two hours later the pulse was 116, respiration 22, and blood-pressure 112. Acetonuria was present, but had disappeared eight hours later.
(II) Toxic Shock.-A woman, aged 64, became shocked twenty-four hours after an operation for a gangrenous gall-bladder. Her temperature was 1040 F., pulse 140, and respirations 36. A litre of glucose was given slowly for two and a quarter hours with insulin, as in Gase I. Six hours later her pulse was 108, temperature 102°F., and respirations 22, and her subsequent convalescence was straightforward.
Other cases are quoted and other observers have obtained similar results. Fisher states that there is no danger as long as there is glucose in the urine. To counteract an insulin reaction, the juice of an orange, or cane sugar, may be given with or without a hypodermic injection of adrenalin. He also advises that rectal saline should be given at the same time.
Acidosis was at one time considered an important pathological factor. It is now recognized as the result and not the cause of a low arterial level. Acidosis disappears as the pressure rises.
IX.-Present Conception of the Pathology of Shock.-Shock may be divided into primary and secondary varieties. Initiating factors are: (1) Pain; (2) hwumorrhage; (3) cold; (4) toxamia, tissue, bacteria; (5) anaphylaxis. Sustaining factors are : (1) The low blood-pressure ; (2) the decreasing bloodvolume.
The results produced are: (1) Diminished circulating fluid; (2) deficient intracellular oxygenation; (3) devitalization of important organs as heart, brain, kidneys, etc.
X.-Treatment.-The more exact our knowledge becomes concerning a given pathological condition, the simpler and more successful is the treatment. The conception of secondary shock led to the adoption of measures for its prevention. Such front line measures, which are published in the Army Medical Manuals, and taught to-day in the R.A.M.C., are familiar to all present. In surgical centres the importance of the organization of "pre-operation " and "resuscitation" wards is admitted by all. In civilian work to-day the same principles of efficient first aid and splinting, administration of warmth and fluids and rapid evacuation to hospital are being taught everywhere.
In the operating theatre, shock may be avoided by warmth, choice of suitable anaesthetic, i.e., local, spinal, or for a bad case gas and oxygen, haemostasis and gentleness in handling the tissues.
Starving the patient and withholding fluids too long beforehand tend to produce anhydramia and should be avoided. A small dose of morphia may allay mental pre-operative apprehension. In the wards the same general principls again apply. If shock develops and a blood-pressure of 80 does not respond to simple measures within half an hour, then give a litre of 10 per cent. glucose saline, with insulin at the beginning and end of the infusion. Even after a severe hmorrhage this will tide the patient over the crisis, and infusion of whole blood (transfusion) may be done subsequently if necessary.
The question of operating in shock must be decided in each case. If a suitable anesthetic is employed, surgery may be the only means of removing the cause of toxemia and thereby saving the patient.
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[10] QUPNU, Bull. et melm. de la Soc. de Chir., Paris, 1922. xlviii, 69. [11] QUiENU, Brit. Journ. of Surg., xi, No. 43, 428. [12] DE CouRcy, Amm. Journ. of Surg., 1922, xxxvi, 293. [131 McIvER and HAGGART, Surg., Gyn., Obst., 1923, xxxvi, 542. [14] CATTELL, M. K., Arch. of Surg., 1923, vi, 41. [15] FISHER, D., Surq., Gyn., Obst., 1926, xliii, 224. Di8cusgion.-Mr. ZACHARY COPE said that he thought the distinction made by Lieutenant-Colonel Cowell between primary and secondary forms of shock was sound and useful, but if it was accepted certain corollaries followed. The term "shock " must be widened to include similar conditions due to dissimilar causes. The term "primary shock," which included the immediate effect of severe wounds, should be allowed to embrace the result of external burns or internal visceral ruptures, whilst " secondary shock," which was probably due to toxins absorbed from injured tissues, must include those similar states of extreme bodily depression following the absorption of toxins from the alimentary canal in late cases of intestinal obstruction.
The condition of depression which sometimes followed immediately after the perforation of a gastric ulcer was indistinguishable from shock and, though one might apply the term " collapse " or " exhaustion " or " prostration " to it, clinically it was shock.
A rapid pulse-rate was not an invariable accompaniment of shock, for Lieutenant-Colonel Cowell had published details of the most extreme shock with a slow pulse-rate; neither was a low blood-pressure a necessity of the shocked condition. The essential circulatory disturbance was a diminution of the volume of blood in circulation, and this -might occur without any appreciable lowering of blood-pressure. Of course, in the last stages, the bloodpressure rapidly fell. It was strange that the blood-pressure was relied upon so much when, as a rule, the patient's normal blood-pressure was unknown and therefore the amount of lowering could only be guessed at. Moreover, as a rule, only the systolic pressure was relied upon, whereas it was more important to note the difference between the systolic and diastolic pressures, i.e., the pulse-pressure.
Sir MATTHEW FELL said that in the early stages of the Great War the administrative policy was to evacuate all cases down the lines of communication, but that later, behind a fixed trench line, a progressive forward development of operating facilities had taken place. He wondered whether, from the point of view of shock, the latter policy would have been the wisest from the beginning of the war, or whether it was applicable to a mechanized force which might be operating one-hundred miles from its railhead and casualty clearing station.
Dr. KINGSTON BARTON said that Lieutenant-Colonel Cowell had clearly advised the use of glucose, with normal saline and insulin, both as a preventive of secondary shock and for its treatment when established. It would interest him (Dr. Barton) to know whether alcohol, given as a remedy for primary shock, might also help to diminish secondary shock. He could understand that when secondary shock was established, especially if due to toxemia, then the use of alcohol might not be a wise procedure. Throughout his professional life he had strongly held that alcohol was detrimental to people in normal health, especially to those aged under 21 years.
But this did not prevent him from realizing the great value of alcohol (brandy for choice) in many cases of sudden collapse, medical or surgical. So that he wondered whether modern surgeons placed any value on the administration of alcohol before any severe operation, in which shock might be expected, in order to prevent or diminish such shock. Also, whether a dose of alcohol was of any use when a patient, civil or military, was brought in in a state of primary shock.
He remembered how, in the early days of anvesthetics at St. Bartholomew's Hospital, Mr. Luther Holden used to order, with apparent advantage, a glass of wine or brandy for any patient who looked pale or collapsed before coming into the operating theatre. With regard to the recent reliance on doses of glucose we must remember that fifty years ago the French travellers and the physiologists always advocated heavy doses of sugar in hot water as the best restoratives in cases of collapse or exhaustion, or of severe injuries.
Dr. HALLS DALLY said he regretted a recent tendency to minimize the significance of low arterial pressure in relation to shock. It might be that shock in the early stages of its less acute and grave forms could develop, unaccompanied by any appreciable drop in arterial pressure, but, before accepting such view, he would require definite clinical evidence. He was not aware of any authenticated case in which a late stage of shock had existed, with a well-maintained pressure, as suggested by Mr. Zachary Cope at a recent meeting of the Section of Surgery,' and could hardly believe it possible. From his own view, which he regarded as fundamental, that hypopiesis, however caused, was invariably an expression of a low vitality state, of which shock forms a typical example, it was not difficult to see why hypopiesis should occur as a usual accompaniment, although it was possible that initial vaso-constriction might for a short time, and under certain conditions, resist this fall, but even then not as a constant factor. He urged that serial investigations should be made on cases of shock. with accurate instruments, recording both diastolic and systolic pressure. Since many fallacious deductions had been made, thanks to estimation solely of the systolic pressure and to other faults in estimation.
